Seed vigor is considered as the most critical stage for barley production, and cultivar with high early seedling vigour (ESV) allow plants to form a canopy more quickly. In this study, the QTLs of seedling vigour related-traits were investigated using 185 RILs derived from Xena and H94061120 using DArT approach. In total, 46 significant QTLs for ESV related-traits were detected. The total map length was 1075.1 cM with an average adjacent-marker distance of 3.28 cM. Fourteen QTLs for BY were found on all chromosomes, two of them co-located with QTLs on 1H for GY. The related-traits; LL1, LL2, LA1 and LDW1 had high heritability (>60%).
Introduction
Barley (Hordeum vulgare L.) is the fourth most important cereal crop in the world and one of the earliest domesticated crops used for the human food and animal feed, and therefore a great economic importance. Indeed, it has become an important ideal model for molecular genetics and functional studies particularly for monocot crops because it is early maturing, diploid, self-fertilizing and has a short growth period, owing high-quality genome sequences, and rich in germplasm resources (Heneen, 2011; Qin et al., 2015) .
However, the seedling stage is considered as the most critical stage for barley production, and contribute to barley growth and development, including water and nutrient uptake, biotic and abiotic stresse resistance, and can influence biomass, grain yield, and grain quality (Ullmannová et al., 2013; Wang et al., 2017) . Moreover, rapid early development of leaf area and aboveground biomass, referred to as early seedling vigour (ESV), is recognized as desirable to improve yield under water-limited environments (Ullmannová et al., 2013; Singh et al., 2017; Wen et al., 2018) . ESV determines the potential for rapid and uniform emergence of plants under a wide range of field conditions (Rajjou et al., 2012) . It is mainly expressed as increased seedling weight or height, which usually neglects germination speed (Lu et al., 2007) . Differences in ESV among cereals have been associated with variation in a number of related traits such as specific leaf area (SLA), leaf area, specific leaf weight (SLW), and the rate of seedling emergence (Heneen, 2011; Li et al., 2014; Mahender et al., 2015) . However, the impact of these parameters on plant performance depends on environmental conditions. A number of studies e.g. (López-Castañeda et al., 1996; Sundgren et al., 2018) have reported genetic increases in early vigour to be associated with greater biomass and grain yield for crops grown in Mediterranean environments. Phenotypic differences in early vigour among temperate and tropical cereals have been associated with variation in rate of seedling emergence, embryo size and leaf area-to-leaf weight ratio, or specific leaf area (SLA) of seedling leaves (Richards & Lukacs, 2002) . As reported by (Richards, 2000) , the leaf area can increase without incurring additional costs by decreasing the amount of photosynthetic machinery per unit leaf area. This in turn increases the leaf area per unit weight, measured as the specific leaf area (SLA, leaf area per unit dry mass). SLA was suggested to be suitable for selecting plants with superior early vigour . A high SLA allows the plant to close the leaf canopy at minimal carbon expenses. Thus, when rapid canopy closure improves the water use efficiency, as suggested for small-grain cereals , maximization of leaf area by increasing the SLA may be important in reducing evaporation from the soil surface . Rapid leaf area development early in the season has potential to increase water use efficiency and grain yield of winter cereals (Rebetzke et al., 2004) . The early vigor is an important trait for waterlogging tolerance. Rapid seedling establishment and a narrow root stele promotes waterlogging tolerance in spring wheat (Sundgren et al., 2018) .
Early seed vigor is a complex trait which is regulated by multi-genes affecting seedling leaf; width, length, area, weight and specific leaf area. These characteristics have been widely reported to provide improved productivity of cereal crops in a wide range environments (Botwright et al., 2002) .
Advances in biotechnology and in the measurement of physiological traits enable plant breeders to utilize the technologies in their breeding programs. For instance, the development of molecular techniques such as the DArT technology has enabled quantitative trait loci (QTL) for morphological and physiological traits to be identified in plant species (Argyris et al., 2005) . QTL analysis has become a powerful tool to dissect complex traits and identify chromosomal regions harboring genes that control these quantitative traits (Tyrka et al., 2011) , and has been used extensively to improve the important traits in barley (Liu et al., 2015; Wang et al., 2016) . A large number of QTLs associated with seedling seed vigor were reported using biparental segregating populations in many crops (Rajjou et al., 2012; Mansour et al., 2014) . The QTLs for yield (Mikołajczak et al., 2016) traits at later growth stages have been characterized (Zhou et al., 2016) , and the QTLs for seedling characteristics described were primarily recognized under salt tolerance (Sbei et al., 2014) (Elakhdar et al., 2016) , water logging (Broughton et al., 2015) , drought tolerance (Chen et al., 2010) and nitrogen stress tolerance (Hoffmann et al., 2012) while, seedling characteristics related to grain yield and biomass at early seed developmental stages were not well investigated.
The goals of the present study are; to determine the extent of genetic variation in early seedling vigour and their effects on biomass and grain yield under the rainfed condition, to assess QTLs of seedling vigour related-traits, and to identify molecular markers linked to seedling vigour related-traits using a recombinant inbreed line (RIL) population.
Materials and Methods

Plant material
A mapping population of 185 F 5 recombinant inbred lines (RILs), developed by single-seed descent (SSD) to generation F 2, was used to construct DArT-based linkage map. The RIL population was generated from cross of 'Xena' and 'H94061120' barley varieties. The chosen varieties, obtained from the Field Crop Development Centre (FCDC), Lacombe, Alberta, Canada), express a wide range of variation on agronomic traits.
Field experiment conditions
Phenotype evaluation of the 185 RILs was conducted at Vegreville, Alberta, Canada (53°34'N, 113°31'W, 639.3 m above sea level altitude) during two years. The soil texture was Malmo series of an Eluviated Black Chernozemic, under rainfed conditions. According to AgroClimatic Information Service (ACIS) (http://agriculture.alberta.ca/acis/), the average annual precipitation and within-season rainfall (June-August; 2009) was 382 ± 62 and 193 ± 52 mm. A validation experiment was arranged in RCBD with three replications.
Evaluation of phenotypic triats
The expermintal material was evaluated in CRD design with three replications. Twelev quantitative triats including; early seedling, Leaf length (LL, cm) width (LW, cm), Leaf dry weight (LDW, mg), Leaf area (LA, cm 2 ) and Specific leaf area (SLA) were messured. Early seedling vigour was assessed at the third leaf stage when the coleoptile tiller was absent. Leaf length width were measured on the first and second leaves. Leaf dry weight was determined after oven-drying at 70ºC for 48 hours. Leaf area was measured according to the method descriped (Rebetzke & Richards, 1999) . Specific leaf area (SLA) was determined as the ratio of leaf area to dry weight of the first two leaves. The mean squares due to treatment for the studied quantitative ctraits are compared in the RILs along with the two parental lines using analysis of variance.
The following parameters were compared in the RILs along with the two parental lines using analysis of variance: leaf width of the first leaf (LW1), leaf width of the second leaf (LW2), leaf length of the first leaf (LL1), leaf length of the second leaf (LL2), leaf area of the first leaf (LA1), leaf area of the second leaf (LA2), leaf dry weight of the first leaf (LDW1), leaf dry weight of the second leaf (LDW2), specific leaf area of the first leaf (SLA1), specific leaf area of the second leaf (SLA2), seed yield (Syield), and total dry biomass (Bio).
Estimation of genotypic parameters
The recorded data were then used for statistical analysis. Mean values were used for the analysis.
Different genetic parameters like phenotypic variance and genotypic variance were computed based on the method suggested by (Burton & Devane, 1953) . The phenotypic and genotypic coefficient o f variation (PCV and GCV) were computed with the formula suggested by (Burton, 1952) . The Haritability in the broad sense and genetic advance was estimated by adopting the method suggested by (Johnson et al., 1955) . parameter Q, which is the variance of the hybridization intensity between allelic states as a percentage of the total variance, was calculated for each marker. Only markers with a Q and call rate greater than 80% were selected for linkage analysis. Polymorphic loci were selected after discarding those with a minor allele frequency of 0.5, a missing value of more than 20 %, or a common position. The linkage analysis was conducted using JoinMap 4.0 with a recombination frequency of 0.25, and all markers were grouped among the seven chromosomes. Haldane's map function was used to calculate the recombination rate of the genetic distance in CentiMorgan (cM).
Genotypic and phenotypic of variance
QTL analysis
For QTL mapping, the linkage map constructed with marker data from 185 F 5 RILs derived cross (Xena × H94061120) was used. To estimate the association of each marker to a trait, composite interval mapping (CIM) was performed using WinQTL Cartographer v2.5 (Wang et al., 2011) .
Logarithm of odds (LOD) threshold score for QTL (P = 0.05) was determined using a 1000permutation test by shuffling the phenotypes means with the genotypes. A LOD score of 2 indicates that the model containing the estimated QTL effect is 100 times more likely than is the model with no QTL effect. A LOD threshold score of >2.5 at 1000 permutations was considered significant to identify and map the QTLs in the barley population. The 95% confidence intervals of the QTL locations were determined by one-LOD intervals surrounding the QTL peak (Mangin et al., 1994; Rajjou et al., 2008) . Composite interval mapping is based on the idea that the residual error term in a QTL analysis is the within genotypic class variance. This residual variance is partly due to experimental error but may also be due to variation caused by segregation of other QTLs outside of the region being tested. To reduce the background genetic segregation variance when conducting interval mapping, CIM first uses regression analysis to choose a subset of markers that have the biggest effects. These are used as "cofactors" in a subsequent interval mapping. When testing positions near a cofactor, that particular cofactor is dropped from the model, so that the QTL effects in that region can be more precisely identified.
Results
Phenotypic evaluation and correlation of seedling vigour-related traits
The parental lines Xena and H94061120 showed a highly significant differences in the leaf length of the first leaf stage (LL1) (P < 0.05) in each of the two years. Meanwhile, a higher leaf area of the first leaf LA1; 9.31 cm 2 and the second leaf LA2; 1098 cm 2 , leaf dry weight of the first leaf (mg) LDW1; 0.126 mg, and leaf dry weight of the second leaf (mg) LDW2; 0.15 mg values for Xena than the ones for H94061120 were obtained, although not significantly different (Table 1 ). The trait phenotypic variance among RILs along with the parental lines showed highly significant differences in seedling vigour-related traits. SLA, LA, LW, LL of the first and second leaves displayed continuous frequency distribution ( Figure 1 ). Nine of the 12 traits considered (Table 1) , showed symmetrical distributions, two moderately were skewed distribution and one displayed binomial distribution. Grain yield and biomass were slightly skewed to higher values ( Figure 1 ). There were a significant differences among the RILs for all the traits and means were assumed to be normally distributed. Considerable transgressive segregation was evident for all early vigour traits in this population.
Variances, coefficients of variation, heritability and genetic advance for traits in the barley RILs
Phenotypic, genotypic and environmental variances as well as their coefficients of variation are presented in Table 2 . The mean quares indicted that the significant differences present among the RILs for all the traits (P 0.01) exept for LDW2 (Supplemental Table 2 ). A high genotypic and phenotypic variances were observied for biomass (BY gm -2 ); 4030.20 gm -2 / RIL and 1933.26 gm -2 / RIL, respectively ( Table 2 ). The coefficients of variation (CV) was higth for LDW2. The highest genotypic (GCV) and phenotypic coefficient of variation (PCV) were observed for BY gm -2 and grain weight (GY gm -2 ), whereas the lowest GCV and PCV values were recorded for the trait of LDW1; 0.05 cm 2 and 0.13 cm 2 , respectively. The broad sense heritability (h 2 b ) estimate varied from 0.01% in LDW2 to 84.65% in LL1. The studies traits LL1, LL2, LA1 and LDW1 had high heritability (>60%). The hightes value of genetic advance (GA) was observied with GY gm -2 / RIL (2038.06 gm -2 / RIL). The genetic advance as percentage of means (GA 5%) for twelve traits ranged from 0.55 in LDW1 to 1879.66 gm -2 / RIL for traits.
Phenotypic correlations
Correlations among traits are shown in Figure 2 . The strongest correlation was found between LA and LW. There is a close relationship between the two traits of the first and second leaves.
The positive correlation between leaf length of the second leaf (LA2) and LW of the first leaf (LA1) is similar to the one between LA1 and LW2. An identical pattern is found between the pairs (LA2 -LA1) and LW of the second leaf (LW22 -LW1). SLA is positively correlated with LA and negatively correlated with LDW, regardless of the rank of the leaves. However, an examination of the relationship between SLA and LDW of the second leaf revealed a significantly negative correlation, while SLA1 is weakly correlated with LDW1. The relationship between SLA1 and LA1 was similar to the one between SLA2 and LA2. An identical correlation pattern was found between LA and LL of the first and second leaves. A weak correlation was observed between LDW2 and LL2, while the correlation between LDW1 and LL1 was significant. SLA2, LA2, LL2, and LW2 were positively correlated with seed yield and biomass ( Figure 2 ), while a weak correlation was found between the characteristics of the first leaf (SLA1, LA1, LL1, LW1) and GY, suggesting that the early seedling traits associated with the second leaf could be used to predict seed yield and biomass. A significant correlation was observed between GY and BY.
The principal component analysis of these traits, shows a better insight into the relationships within and between traits. SLA2; GY; BY, LW1; LW2 and LA1; LA2 were closely correlated across the trials (Figure 3 ). All the points corresponding to each trait were placed in the same quadrant of the graph of the loadings on the first two principal components. These two components explained 60 % of the total variance. LDW1; LDW2 data points, however, were distributed over two quadrants, indicating changes in the direction of correlations within this trait and between traits.
Construction of genetic map
A genetic map was constructed using the 328 polymorphic DArT markers on the seven barley chromosomes ( Figure 4 ). The generated map spanned 1075.1 cM distance of the barley genome with an average marker density of 3.38 cM. Each chromosome differed from each other with respect to the total number of markers mapped, total cM distance and marker density. Variation in length varied from 104.9 cM (chromosome 4H) to a maximum length of 191.0 cM (chromosome 5H). The marker density was highest on chromosomes 3H, 5H, and 6H (2.3 cM, 2.7 cM, and 2.5 cM) which harbored 71, 72, and 57 markers, respectively. The lowest marker density was observed on chromosome 4H (7.5 cM) with 14 markers (Figure 4 ).
QTL detection and analysis
Forty-sixsignificant QTLs were detected for the 12 traits (Table 3 ). The CIM method revealed 35 significant QTLs (LOD > 3.0) and 11 tentative QTLs (2.5 < LOD < 3.0) associated with seedling vigour-related traits. Of the 46 QTLs identified, 26 were for SLA2 with LOD greater than 3.0, three were for SLA1 with LOD less than 3.0, 15 were for biomass with LOD, and two were for seed yield with LOD of 3.67 and 3.03. Of the 15 QTLs detected for biomass, 6 were significant (LOD > 3.0) and 8 were tentative (2.5 < LOD < 3.0). Five of the QTLs identified for SLA2 collocated with three QTLs for biomass on chromosome 1H, two QTLs for SLA1 on 7H, and one QTL for grain yield on 1H ( Figure 3 ). Twenty-one of the QTLs detected for SLA2 accounted for 18% of the observed phenotypic variance (PVE), three for 19%, one for 17%, and one for 16% (Table 2) . Two QTLs for SLA1 captured PVE of 13% and one for 16%. Thirteen of the QTLs identified for biomass accounted for 10% of the phenotypic variance, while the other two captured 18 and 9% of the variance, respectively. QTLs for seed yield accounted for 17.8 and 6.9% of the variance. The phenotypic variances explained by the two QTLs for seed yield were 18% and 7% (Table 3) .
There are six clusters of QTLs for the traits detected. On chromosome 1H, three clusters were detected: 1) QTLs for SLA2, biomass and yield were located within the same interval (44.0 to 108.0 cM) and share a common nearest marker, bpb9280; 2) QTLs for biomass and yield were located within the interval [107.8 to 127.6 cM] and share a common marker, bpb9108; 3) QTLs for SLA2 and biomass were found within the interval [22.8 to 31.0 cM] and share a common marker bpb45000. On chromosome 5H, QTLs for SLA2 and biomass were located within the interval [33.3 to 56.7 cM] and share a common marker, bpb1820. Furthermore, two clusters were detected on chromosome 7H: QTLs for SLA1 and SLA2 located within the interval [60.7 to 100.5 cM] with bpb4541 as the closest marker ( Figure 4 ).
Positive colocations were identified for SLA2, biomass and seed yield with PVE values ranging from 17.8 to 18.1%. Three additional colocations between SLA2 and biomass were detected on chromosomes 5H and 7H with PVE values of 18.8% and 9.6%, respectively. One positive colocation was identified between SLA2 and SLA1 on chromosome 7H where the two QTLs exhibited PVE values of 16.5% and 12.7%. QTLs interval length ranged from 1.6 to 58.6 cM, averaging 15.9 cM. Most of the QTLs detected contained one or two markers. Chromosome 1H is likely to play a key role in seedling vigour and yield determination in barley.
Discussion
Seed vigour depends on the physiological and genetic potential of the seeds and on the conditions encountered during storage (Rajjou et al., 2008) . It has a strong influence on plant stand establishment, and the production of high vigour seeds to stabilize crop yield is a challenge for crop breeders. So that, the amount of nutrition production essentially depends on the first few leaves of the seedling (Katsvairo et al., 2003) . Quantitative trait loci mapping is an efficient method to analyze genetically complex traits and genotype-phenotype mapping (Zhu et al., 2008) . The current study focused on characterizing early seedling vigour (ESV) as complementary physiological traits that could be used to improve the water use efficiency and yield stability of barley under low moisture conditions. Early seedling vigour in this study refers to an increase in seedling leaf characteristics that would help plants to form a canopy more quickly and reduce water evaporation from the soil surface as well as increase canopy transpiration. Therefore, the most crucial step in QTL mapping for seedling vigour is the evaluation and screening of the quantitative traits regard to ESV (Mangin et al., 1994) . Few studies on the molecular mechanisms underlying seed vigour traits in barley have been reported.
In this study, 185 RILs were evaluated for ESV under rain-fed conditions during two years.
Seedling vigor-related traits
Twelve seedling related traits identified as representative indicators for seedling vigour during early seedling development. The significant variation of RILs for ESV and seedling growth was observed. Specific leaf area (SLA) of the first leaf is highly correlated with SLA of the second leaf. However, their contribution to ESV is relative, with SLA of the second leaf being the most significant contributor. In this study, we found a negative correlation between leaf area and leaf dry weight content of the second leaf, suggesting that high or low SLA depends on the significance of the correlation between the two components based on the genotype, species, and environment. The analysis of this type of trait has received little attention from geneticists (Yin et al., 1999) . An increase in leaf area does not necessarily translate to a proportional increase in dry matter content. This may explain the high SLA observed for the second leaf. A high SLA would result in greater water loss due to the larger leaf area exposed to ambient air. However, larger leaf areas with greater biomass allocation to the leaves are often associated with high relative growth rate which might lower SLA (Poorter et al., 2012) . Considering that rapid dry matter production during early seedling growth is an important aspect of seedling vigour and the most common measure, high early vigour might coincide with a high relative growth rate in the early stages of seedling development as suggested by (ter Steege et al., 2005) . On the other hand, a positive correlation was observed between leaf area and leaf dry weight content of the first leaf,
suggesting that an increase in leaf area would result to an increase in dry matter content. Leaf traits may reflect the adaptation mechanisms of plants to the environment (Tian et al., 2016) .
Therefore, a lower SLA could be associated with smaller leaf area, which may be shown to reduce water loss due to evapotranspiration on the leaf surface. However, in some succulent plants with poor seedling vigour that are common in tropical regions, low SLA may be associated with low leaf dry-matter and high leaf thickness. As a consequence of these variations, SLA and its components are often related to each other and to productivity. Our results confirmed previous findings stating SLA as a suitable trait for the selection of plants with good early seedling vigour in cereals (Rebetzke et al., 2008) . Hence, Specific leaf area, the ratio of leaf area to leaf dry mass, is a key functional trait of plants underlying variation in growth rate among species (Pérez-Harguindeguy et al., 2013; Flores et al., 2014) . SLA is also a major trait in the worldwide leaf economics spectrum, which reflects the range of fast to slow returns on nutrient and dry mass investment in leaves among species (Flores et al., 2014) . We found that the width of the first leaf is highly correlated with leaf area. It was suggested that leaf width of the first leaf should integrate embryo size and SLA, and this would be a simple way to screen and select for high early vigour. Wang et al., later established that seedling leaf width was highly heritable and had a high genetic correlation with total leaf area in wheat during the vegetative stage (Wang et al., 2011) . Sundgren et al., also showed the importance of both embryo size and SLA in determining vigour among wheat lines (Sundgren et al., 2018) .
We found that SLA2 contributed to the highest seedling vigour and seed yield compared to the rest of seedling-traits, suggesting that SLA2 is important for achieving higher seed yield.
In the current study, the knowledge of dgree and nature of the variability among the RILs for each traits is very necessary for making simultaneous selection on more number of traits to make significant improvement seedling traits in barley. Consequently, the hight correspondence among genotypic and phenotypic coefficient of variation for most the recorded traits showed that these characters hight influenced by the environment. Moreover, the highest observed genotypic and phenotypic coefficient of variation, indicates that selection can be applied on the traits to isolate more promising RILs. The studies traits LL1, LL2, LA1 and LDW1 had high heritability (>60%) in broad sense (h 2 b ), indicates that these characters could be easily improved by selection. Leaf length (LL1) and area (LA1) of the first leaf showed moderately high; 84.65 % and 71.47 % heritability respectively with a genetic advance of at 5% 1.24 and 0.88 (Table 2) . Since the heritability estimates the relative contributions of differences in genetic and non-genetic factors to the total phenotypic variance in the studied population. It is an important concept in quantitative genetics, particularly in selective breeding. Given that, theses results indicating the possibility of additive gene effect for the expression of these traits. Therefore selection would be effective for improving this traits. Estimates of GA for GY/RIL was 2038.06 gm -2 / RIL indicating that whenever we select the best, 5% high yielding genotypes as parents, average grain yield/plant of progenies could be improved by 2038.06 gm-2 / RIL.
Map Chatacteristics
Over the last decade, barley has been the subject of extensive mapping studies with the DArT technology (Rodríguez-Suárez et al., 2012; Liu et al., 2015) . Thus, DArT markers have proved to be very useful to detect chromosome substitutions in the breeding program (Li et al., 2014) . By the end of 2012, a total of 2,032 DArT markers have been mapped to 646 unique positions (bins)
in Hordeum chilense recombinant inbred line (RIL) population (Rodríguez-Suárez et al., 2012) .
Besides, the genetic map is very useful as the basis to develop comparative genomics studies with barley and model species (Rodríguez-Suárez et al., 2012) . ESV is a quantitative trait which is controlled by many genes, and has been widely reported to provide improved productivity of cereal crops in semi-arid environments, and particularly those environments in which rainfall pattern are rare (Botwright et al., 2002) . Mapping of QTLs related to ESV can enable dissection of their genetic control and molecular mechanism, leading to the possibility to develop new varieties with improved ESV and enhanced yield.
In the present study, the map based on segregations in progeny from a cross of the Xena and 
QTL and DArT Marker Discovery
According to developmental genetics, different QTLs may have different expression dynamics during trait development (Wang et al., 2017) . Many previous investigates focused mainly on late-growth stages, where analysis was limited to the performance of a trait at a fixed time or stage of ontogenesis (Broughton et al., 2015; Wang et al., 2016; Zhou et al., 2016; Wen et al., 2018) . The present study provides insight into the genetic and physiological relationships among traits that contribute to early seedling vigour in barley. We assessed five ESV characteristics at third leaf (LW, LL, LA, LDW, SLA) at two stages of seedling growth (first and second leaf stage), to reveled the QTLs expression patterns (Wang et al., 2017) .
We found that multiple loci have been identified for SLA, biomass, and seed yield explaining a high phenotypic variance. A total of 46 QTLs detected, 29 were for SLA (26 for SLA2 and 3 for SLA1), 15 for biomass, and 2 for seed yield, suggesting that by selecting based on SLA, good seedling vigour, rapid establishment and thus higher yield could be attained ( , 2005) , and it was suggested that these QTLs clusters represent gene clusters that are separated by regions with noncoding sequences. An alternative explanation for clustering of QTLs for traits at different organizational levels in the plants is that of a mechanistic dependency rather than a genetic dependency between traits. For example, the colocation of QTLs for SLA2 with QTLs for biomass and seed yield might be due to the fact that one or more genes in that region affect SLA2; consequently, this chromosomal region affects the resulting biomass and seed yield. The colocalization of QTLs for SLA1, SLA2
with biomass and yield is not unexpected, because these traits are associated with photosynthesis and transpiration in barley. The relationship among these traits indicates that these parameters may not be independent but interacting. They may be co-regulated for the protection of photosynthetic apparatus, an important factor in dry matter accumulation.
The 26 significant QTLs for SLA2 detected on all chromosomes explained 16.5 -18.8 % of the observed phenotypic variance with the larger contribution from markers bPb5075 and bPb1820 (5H). In a population of fodder barley reported in previous study (Sandve et al., 2011) vigour-related traits that are identified, they more improve breeding efficiency by marker assisted selection (MAS). Although many QTLs were identified for most of the seedling vigour traits considered in this study, we did not detect significant QTLs for leaf area (LA), leaf length (LL), and leaf width (LW) of the first and second leaves. These traits may be complex physiological traits that presumably are under control of many loci on the genome. QTLs with small effects on the overall complex traits are difficult to detect so that for such traits, usually only a few major QTLs are identified (Gawroński et al., 2016) .
Conclusion
This study identified 46 significant QTLs for ESV related traits. Of which 26 were detected for SLA2, 15 for biomass, 3 for SLA1, and 2 for yield. QTLs for yield harbor 2 QTLs for SLA2 and 2 QTLs for biomass. QTLs controlling SLA2 were distributed on all the seven chromosomes and explained on the average of 16.5 -18.8% of the phenotypic variance. This suggests that SLA2 traits may contribute to ESV in barley, but further study using genetically different populations is required. Considering the importance of SLA2 and SLA1 for rapid plant establishment and putative influence on later seed yield, information gained in this study could be used to improve early seeding vigour, plant establishment, and seed yield. Co-localization of QTLs for different traits suggests a common genetic basis of regulation of the traits and point to the regulation of these traits either by tightly linked genes or by pleiotropic regulation. An assessment of the phenotypic relationships between early vigour and related traits indicated strong correlations between early vigour and grain yield.
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